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Abstract 


packaging wood from Lianyungang Port, Lianyungang City, China. Bursaphelenchus curvicaudatus sp. 


Bursaphelenchus curvicaudatus sp. nov. is described and illustrated. Specimens were extracted from the intercepted 


nov. is characterized 


by relatively long body lengths (female 767-960H m; male 663-8314 m) , short stylets (female 13.917.4Um; male 13. 916.5 
Hm) with weak basal thickening, small spicules (16. 5-21. 6M4 m) with obscure cucullus, distinguishingly bent female tails and 


six male caudal papillae. Lots of features such as spicule shape, female tail shape , body length supported Bursaphelenchus cur- 


vicaudatus sp. 
rainulfi, B. 
species. 


Key words 


Up to now, there are about 60 species under genus 
Bursaphelenchus Fuchs (1937) described (Yin, 1988; 
Braasch, 2001; Kolossova, 1998; Kanzaki, 2000; 
Braasch and Braasch-Bidasak, 2002; Braasch and 


Burgermeister, 2002). Due to the devastating 
pathogenicity of Bursaphelenchus xylophilus to 
conifer, nematodes in genus Bursaphelenchus have 


been studied worldwide. However, to our knowledge , 
most of Bursaphelenchus species merely inhabit in 
dead, dying or weak host trees and unrelated to para- 
sitism. 

In 2001, a piece of packaging wood, intercepted 
in Lianyungang port, China from a Mexican cargo 
ship , was sent to our lab for confirmation of pine wood 
nematode (PWN) existence. However, no PWN but a 
strange species was found. In this paper we gave a de- 
scription to the species despite little information on its 


biology , pathogenicity , embrology was known. 
1 Materials and Methods 


Nematodes were isolated by Baermann funnel 
method from the cut slices of the packaging wood. 
Then ca 100 nematodes with similar shape were picked 
into the mycelium of Botritis cinerea on the PDA medi- 
um for further culture at 25°C In 2002, we further 
purified the isolate by just breeding one pregnant fe- 
male in a petri dish with fresh mycelium of Botritis 
cinerea. Then purified specimens were killed by incu- 
bating at 65 °Cfor 90 sec. , fixed in TAF for further 


investigation. All the specimens used for morphological 


nov. distinguishes from B. hofmanni, B. 


abietinus, B. 


fungivorus, B. hellenicus, B. hylobianum, B. 


eggersi and B. corneolus. The PCR-ITS-RFLP pattern also provided further evidence that this isolate is a new 


Nematoda, Aphelenchoididae , Bursaphelenchus , new species , ITS-RFLP pattern, packaging wood. 


measurement were mounted in permanent slides. 

The PCR-rDNA-RFLP analysis as auxiliary identi- 
fication technique was applied. The method of DNA 
extraction refers to the published protocol with some 
modification (Subbotin et al. , 2000). 

Firstly, 2 or 3 nematodes were picked into 15H1 
ddH20O and each was cut into 3 segments using No. 3 
scalpel. Then all the nematode segments with 12U1 
ddH20 were transferred into 200M1 PCR tubes. 1.541 
10 X PCR reaction buffer and 1.51 proteinase K 
(1 OOOL g/ml) were added into each PCR tube to com- 
plete total volume of 1541. The tubes were frozen at 
- 80 °Cfor at least 30 min. At last, the tubes were in- 
cubated at 65 °Cfor 60 min and at 95 °Cfor 10 min. 

The PCR reaction system (5@1) contained 0.6 
Umol/L of each primer, 2 mmol/L of MgCl2, 0.1 
mmol/L dNTPs and 2 units of Taq polymerase (Hoyer 
et al. , 1998). The forward primer is 5'-CGTAA- 
CAAGGTAGCTGTAG3' (Ferris et al. , 1993) and 
the reverse primer 5'- TTTCACTCGCCGT- 
TACTAAGG-3' (Vrain, 1993). The PCR reaction was 
carried out as the following procedure: 94 °Cfor 2.5 
min; 40 cycles of 94 °Cfor 40 sec, 55 °Cfor 40 sec, 
72 °Cfor 90 sec; 72 °Cfor 5 min. 541 of the PCR am- 


plified product was used for electrophoresis to check if 


is 


the concentration of the amplification product is 
enough for the enzyme-cutting. Suitable tube of am- 
plification product was chosen and digested by restric“ 


tion endonuclease Rsa |, Hae lll, Msp |, Hinf | and 
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Figs. 1-8. Bursaphelenchus curvicaudatus sp. nov. 1. Anterior part. 2. Lateral lines. 3. Whole bodies of female and 


male. 4. Female tail. 5. Vulval flap. 6. Male tail (ventral view). 7. Male tail (lateral view). 8. Spicules. Scale bars 


=10Um. 


Alu | with each enzyme cutting 7M1 of the PCR prod- 
uct. Enzyme-cutting fragments were resolved on 2 % 
agrose gel and stained with 1 % ethidium bromide. The 
details of constructing the ITS-RFLP profile refer to 
the published protocol (Hoyer et al. , 1998; Braasch 
et al. , 1999) 


2 Result 


Bursaphelenchus curvicaudatus sp. nov. 


20) 


(Figs. 1- 


Description (unit: 4m, Table 2). Female. Body 


slender, cylindrical, slightly ventrally curved when 
heat-killed. Lip region high with six lips of apparently 
equal size, anteriorly flat, offset with body by distinct 
constriction; labial annules present (Fig. 20) ; the cir- 
cular oral aperture surrounded by a nearly rectangular 
depression. Stylet 13.9-17.4Um long, slender, with 
weak basal thickening. Stylet cone less than half of to- 
tal stylet length. Median bulb oval, occupying ca 3/4 
of body diameter, with distinct valve situated central- 
ly. Excretory pore very faint, ca 1.0-1.5 body dia- 
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Figs. 9-17. Light microscope observations of Bursaphelenchus curvicaudatus sp. nov. 9. Anterior part. 10. Head. 11, 12, 14. 
Spicules. 13. Female vulval flap. 15. Male tail (heat-killed). 16. Female tail (heat-killed). 17. Bursa. 


meters behind median bulb. Dorsal oesophageal gland Gonad outstretched, developing oocytes in multiple 
strong, ca 3 to 4 body diameters long, overlapping in files (2 to 3 files) except at the posterior end. Vulval 
testine. Reproductive system single and prodelphic. flap short and small. Postuterine sac beyond 1/2 of the 
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Figs. 18-20. Scanning electronic microscope observations of Bursaphelenchus curvicaudatus sp. nov. 18. Male tail. 19. Lateral field. 


20. Head. Scale bars =2Ņ m. 


Table 1. Restriction fragments of the amplified PCR prod- 


uct of the new species B. curvicaudatus sp. nov. 


PCR Restriction fragments 
production Rsa | Hae Ill Msp _ | Hinf | Alu | 
1150 500 550 380 620 920 
430 390 260 290 230 

220 220 190 240 


M l 


to 
= 


4 3 6 M 


Fig.21. The ITS-RFLP pattern of Bursaphelenchus curvicau- 
datus sp. nov. Lane M: maker. Lane |: PCR product of ITS 
regions of Bursaphelenchus curvicaudatus sp. nov. Lane 2, 
3, 4, 5, 6: the enzyme-cutting fragments of PCR product 
digested with Rsa |, Hae Ill, Msp I, 
tively 


Hinf |, Alu | respec- 


vulva-anus distance. Tail sharply concoid with termi- 
nus distinctly curved ventrally. Three lateral lines (i. 
e. 2 ridges) in the midbody (Figs.2, 19). 

Male. Body, J-shaped after heat-killed, anterior 
region similar to the females. Lateral region with three 
incisures in the midbody. Testis reflexed or not, ex- 
tending for ca 50 % of body length. Spicule is small, 
16.5-21.6Um long, with a triangle rostrum and a 
high condylus. Cucullus hardly visible unless observed 
under 1 000 X magnification. Tail claw-like, terminus 


pointed, the distal edge of the terminal bursa in cres- 


cent shape. Six caudal papillae present. One pair of 
adanal ones ca. 1Um above the cloaca, one preanal 
papilla on the ventral midline ca. 0.34m higher than 
the adnal pair, and three postanal papillae arranged in 
triangle form, i. e. one subventral pair located at the 
proximal end of the bursa, another midventral one 
about 3Um lower (Figs.6, 18). 

Diagnosis and relationship. Bursaphelenchus cur- 
vicaudatus sp. nov. is characteristic by its small 
spicule with very weak cucullus, big rostrum and tall 
condylus , small female vulval flap , slim and distinctly 
ventrally curved female tail. According to the shape of 
the male spicule, the female tail and some other fea- 
tures, B. curvicaudatus resembles B. hofmanni 
(Braasch, 1998), B. (Braasch & 
Schmatzenhofer, 2000) , B. fungivorus (Franklin & 
Hooper, 1962) , B. hellenicus (Skarmoutsos , Braasch 
& Michalopoulou, 1998), B. 
renchenko, 1980) , B. 
Bidasak, 2002) , B. corneolus (Massey, 1966) and 
B. eggersi (RUhm, 1956). 

B. curvicaudatus sp. nov. distinguished from 
B. hellenicus by its bigger“ a” ratio (female: 30-45 
Um vs 22-36Um; male: 32-40Um vs 22-38Um) and 
bigger spicules (16. 5-21.6 vs 11.5-17.5 v). The fe- 


male tails of B. hellenicus look almost straight , which 


abietinus 


hylobianum ( Ko- 


rainulfi (Braasch & Braasch- 


also differ from the distinctly curved ones of the new 


species. The morphometrics of B. fungivorus are 
very similar to the new species, whereas, its spicules 
lack cucullus , its incisures in the midbody are more (4 
vs 3). The spicules of B. eggersi are relatively longer 
(18-24Um vs 17-22Um) with no cucullus, and the 
ventral sides are almost straight distinguishing the 
smoothly bent ones of the new species. The spicules 
and female tails of B. hofmanni is morphologically al- 
most the same as those of the new species, and yet its 


stylets are shorter (female: 11-14Um vs 1417Um; 
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male: 11-13Um vs 13.9-16.5Um), its“ a” ratio is 
much smaller (female: 23-31Um vs 30-45Um; male: 
22-31Um vs 32-40Um) and its spicules are shorter 
(11-17 vs 17-22Um). The measurements of B. abiet- 
inus are distinctly from the new species, meanwhile, 
B. abietinus has two lateral lines in contrast to three 
ones of the new species. B. rainulfi has a extremely 
similar spicule and female tail to the new species, and 
yet the distal edge of the bursa of the new species is 
cresent which differs from the irregular triangle shape 
of B. 


less than the new species. B. hylobianum has two in- 


rainulfi; the incisures of B. rainulfi are two, 


cisures. In addition, the terminal bursa of B. hylo 
bianum is three or fourpointed in shape different from 
the crescent form of the new species. Comparing with 
the new species, B. corneolus is much shorter (fe- 
male: 650-700Um vs 767-960U m; male: 570-700U m 
vs 663-831'Um) and has smaller spicules (13 Um vs 
17-22Um) , smaller stylets (female: 12Hm vs 13.9- 
17.4Um; male: 12Hm vs 14-17Hm) , and the stylets 
of B. corneolus is devoid of basal swellings. More de- 
tails on the morphometrics of the published species sim- 
ilar to the new species are given in the paper (Table 


3). 


The molecular analysis 


differs from those of B. 
hylobianum and B. 
meister, 2002) , and from B. 
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also showed that the 
rDNA-PCR-RFLP pattern of the new species (Fig. 21) 


fungivorus, B. 


abietinus, B. hellenicus, B. 


rainulfi (Braasch and Burger- 


hof- 


manni and B. eggersi (Braasch et al. , 1999). 


Table 2. Measurements of Bursaphelenchus curvicaudatus 


sp. nov. (unit: m) 
Females Males 
Holotype paratypes Paratypes 

n 1 20 1 20 

L 779 894 +54 (767-960) 830 750 452(663-831) 

a 36.6 35.4 44.0(30.2-45.1) 36.7 35.0 12. 4(31. 5-40. 2) 
b 10.7 11.2 40. 7(10. 1-12.6) 8.4 9.2 40.9(8. %10. 4) 
c 15.6 17.2 41.6(15.0-20.2) 21.4 19.2 +1.5(16. 7-22. 9) 
V 74.5 71.9 H1.5(69.7-74.8) — = 

st 15.2 15.1 40.8(13.%17.4) 14.4 15.5 40.9(13. %16. 5) 
sp_— — 18.1 18.9 +1. 6(16. 5-21. 6) 


St: stylet; Sp: spicule. 


Type host and locality. The intercepted packaging 
wood from a Mexican cargo ship, which can only be 
identified as conifer. 

Type material. Now all the permanent slides are 
deposited in the Nematology Laboratory of Nanjing 
Agricultural University, Nanjing, China. 


Table 3. Key morphometrics of Bursaphelenchus spp. morphologically similar to the new species. [data (unit: m) from 


published papers : Braasch , 2002b, Yin et al. , 1988] 


L Stylet 
B. curvicaudatus * F 767-960 13. %17. 4 
M 663-831 13. %16.5 
B. hellenicus F 680-920 13-17 
M 640-820 13-17 
B. hofmanni F 450-630 11-14 
M 489-610 11-13 
B. eggersi F 850-1122 14-18 
M 450-990 14-16 
B. abietinus F 540-710 11-14 
M 530-670 11-13 
B. rainulfi F 525-750 11-14 
M 475-750 11-13 
B. hylobianum F 541-965 14-17 
M 473-846 14-16 
B. fungivorus F 610-1160 14-18 
M 570-1030 13-18 
B. corneol us F 650-700 12 
M 570-700 12 


F: female; M: male. * spicules measured along the middle line. 


3 Discussion 


Although the new species was isolated from the 
packaging material from the Mexican cargo ship , it's 
thoughtless to determine that the new species originates 


from Mexico. Theoretically , the DNA quantity of only 


a c Spicule 
30. 2-45. 1 15. 0-20. 2 = 

31. 5-40. 2 16. 7-22. 9 16. 5-21. 6 
22-36 17-31 = 

22-38 19-30 11. 5-17.35 
23-31 13-21 * 

22-31 16-31 11-17 
37-39 20 z 

21-31 19-28 18-24 
23732 16-26 5 

24-34 18-30 11-14 
23-40 15-25 : 

25-44 19-38 12-15 
21-36 14-25 = 

2735 15-26 18-22 
26-44 10-17 a 

26-45 18-32 15-23 

29 18 g 

35 18 13 


one nematode is enough for the PCR-ITS-RFLP analy- 
sis. However, in our studies we couldn t obtain the 
ideal PCR-ITS-RFLP patterns. In fact, 2 or 3 nema- 
todes are necessary. Sometimes, a faint DNA band 
(Fig. 21) following the main PCR product (1 150 bp) 
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could be visualized, which we think is the result of 
nonspecific amplification. Anyway, it doesn't affect 
the ITS-RFLP pattern of the new species , which serves 
as an identification label. Generally, the male caudal 
papillae in genus Bursaphelenchus are seven, however , 
Bursaphelenchus curvicaudatus is different by disp- 
laying six ones , which is another special feature for the 


new species. 
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fi 2 ick TPLBABAR 1H, BAEAN RR 
Bursaphelenchus curvicaudatus sp. nov. o AOA BAERER 
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(HER 767~ 960K m; HER 663~831Um), OE eke (ie 
13.9~17. 44m; HER 13.9~16.5Um) , OHARKA , 
ZAR (16.5~21.6Um) , Ai RAW SE, MERE 
FASE. AN, HIERS 6 SRILA, 5AA 
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iS (PCR-ITS-RFLP Bis) SARDBMA | MHNDFIE 
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abietinus, B. fun“ 
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